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SPECIFICATION 



FUEL SUPPLY SYSTEM 



CROSS-REFERENCE TO RELATED APPLICATION 



The present invention is related to Japanese 
5 patent application No. 2000-198550, filed June 30, 2000; 
the contents of which are incorporated herein by reference. 

FIELD OF THE INVENTION 
p The present invention relates to a fuel supply 

f39 10 system having a fuel pump in a sub-tank, and more 



particularly to a fuel supply system provided with a jet 
pump for supplying a fuel from the exterior of a sub-tank 
to the interior thereof. 



in a fuel tank. Fuel pumps in the sub-tank have heretofore 
been known. Such fuel supply systems include a fuel supply 
system provided with a jet pump for supplying fuel from the 

20 exterior of the sub-tank to the interior thereof. The jet 
pump has a nozzle adapted to eject fuel into a throat 
provided in a bottom portion of the sub-tank. The fuel 
ejected from this nozzle is supplied from the throat to the 
interior of the sub-tank, and the fuel in the exterior of 

25 the sub-tank is sucked into the throat by utilizing a 
negative pressure occurring in the throat, the fuel sucked 
into the throat being supplied to the interior of the sub- 
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RELATED ART 



Fuel supply systems are provided with a sub-tank 
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tank . 

The sub-tank is provided therein with a check 

valve for preventing the fuel in the sub-tank from flowing 

to the exterior thereof through the throat. In recent 

5 years, there has been a demand that the quantity of fuel 

initially supplied on a vehicle assembly line or 

temporarily supplied when gasoline is low, be reduced. In 

order to reduce the quantity of fuel initially supplied, it 

« is necessary that a check valve be opened during a low fuel 
M 

;-*f 10 level. In this case, the check valve may be put in a 
substantially vertically extending condition during valve 

S ! E 

^3 closing so that a valve opening pressure due to the weight 

IH of the check valve itself becomes low. However, a seal 

□ seat surface of the check valve must be secured on a 

m 

!«& 15 circumferential edge portion of an outlet of a throat. 

is 

p Therefore, in order to put the check valve in a 

substantially vertically extending condition during valve 
closing, it is necessary that the outlet of the throat be 
raised at least by a height corresponding to the height of 
20 the seal seat surface from a bottom surface of a tank. 

In the case of such fuel supply system of a 
related art design in which the throat is disposed 
horizontally with respect to the bottom surface of the 
tank, an inlet of the throat must also be raised. This 
25 causes an ineffective residual quantity of fuel in the fuel 
tank which cannot be sucked up by a jet pump. 

When the throat is lowered to the bottom surface 
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of the tank to reduce the ineffective residual quantity of 
fuel, a seal seat surface of the check valve 110 can be 
secured on the circumferential edge portion of the outlet 
of the throat 100 by inclining the same outlet as shown in 
5 Fig. 6. However, since a valve opening pressure due to the 
weight of the check valve 110 itself increases in this 
case, fuel level increases in the fuel tank at which the 
check valve 110 can be opened. 

1^ 10 SUMMARY 



the above-mentioned drawbacks, and provides fuel supply 
system capable of reducing the quantity of fuel initially 
supplied and any ineffective residual quantity of fuel. 



the fuel supply system has a throat provided in a bottom 



portion of a sub-tank so that the throat inclines with 
respect to a bottom surface of the sub-tank. The height of 
the throat increases gradually from a suction port thereof 
20 toward a supply port thereof. A plane of an opening of the 
supply port extends substantially vertically. 



valve can be secured on a circumferential edge portion of 
the opening of the supply port provided in a position 
25 higher than the suction port, so that the check valve can 
be set substantially vertical during valve closing. This 
prevents a valve opening pressure due to the weight of the 



The present invention has been made in view of 




According to an aspect of the present invention, 



Accordingly, a seal seat surface for a check 
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check valve itself from increasing. Therefore, the check 
valve can be opened at a low fuel level, and the quantity 
of fuel initially supplied into fuel tank can be reduced. 

Since the throat is inclined with respect to the 
5 bottom surface of the sub-tank, the suction port thereof 
can be lowered to the same bottom surface. This enables 
the ineffective residual quantity of fuel in the fuel tank, 
which cannot be sucked up by a jet pump, to be reduced. 

According to another aspect of the present 
*S 10 invention, the fuel supply system has a throat provided in 
W a bottom portion of a sub-tank so that the throat inclines 

!□ with respect to a bottom surface of the sub-tank. The 

!H height of the throat increases gradually from a suction 

p port thereof toward a supply port thereof. A plane of an 

m 

15 opening of the supply port crosses the axial direction of 

IS 

q the throat substantially at right angles. 

• —2- 

! ~" According to this structure, a seal seat surface 

for a check valve can be secured on a circumferential edge 
portion of the supply port provided in a position higher 

20 than the suction port, and the check valve can be set 
substantially vertical during valve closing by setting an 
angle of inclination of the throat to such a level that 
permits the seal seat surface to be secured. This can 
prevent a valve opening pressure due to the weight of the 

25 check valve itself from increasing. Therefore, the check 
valve can be opened at a low fuel level, and the quantity 
of the fuel initially supplied to. the interior of fuel tank 
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can be reduced. Since the throat is inclined with respect 
to the bottom surface of the sub-tank, the suction port can 
be lowered to the same bottom surface. This enables the 
ineffective residual quantity of the fuel in the fuel tank 
which cannot be sucked up by a jet pump to be reduced. 

Further areas of applicability of the present 
invention will become apparent from the detailed 
description provided hereinafter. It should be understood 
that the detailed description and specific examples, while 



10 indicating preferred embodiments of the invention, are 

m 



intended for purposes of illustration only, since various 
Q changes and modifications within the spirit and scope of 

iH the invention will become apparent to those skilled in the 

(3 art from this detailed description. In the drawings: 

j ess. 

US 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will become more fully 
understood from the detailed description and the 
accompanying drawings, wherein: 
20 Fig. 1A is a top view showing the interior of a 

sub-tank according to the invention; 

Fig.. IB is a sectional view of a throat according 
to the invention; 

Fig. 2 is a sectional view showing a fuel supply 
25 system fixed in a fuel tank according to the invention; 

Fig. 3 is side view of the fuel supply system 
according to the invention; 
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Fig. 4 is a top view of a flange according to the 

invention; 

Fig. 5 is a plan view of the fuel supply system 

from the side of a bottom surface of the sub-tank; and 

Fig. 6 is a sectional view of the throat. 



The fuel supply system according to the present 
invention will now be described on the basis of the 
drawings. Fig. 1A is a drawing showing the interior of a 
•S 10 sub-tank taken from the upper side thereof, and Fig. IB a 
W sectional view of a throat provided in the sub-tank. 

I*i I 
: : : 

□ In the fuel supply system of this embodiment, a 
•?» 

Lf] sub-tank 1, fuel pump 2 and fuel filter 3 which are held in 

it 

□ the sub-tank 1, and a pressure regulator 4 and a jet pump 5 

m 

|-i 15 (refer to Fig. 3) which are provided on the outer side of 
p the sub-tank 1 are modularized. The resultant product is 

held in fuel tank 6 and supported therein via a flange 7 
(refer to Fig . 2 ) . 

As shown in Fig. 2, the flange 7 is fixed to an 
20 opening, which is provided for inserting modularized sub- 
tanks into the fuel tank 6, via a packing 8, and the 
opening is thereby closed air-tight. The flange 7 is 
provided (refer to Fig. 4) with an electric connector 9 for 
supplying a power source current to the fuel pump 2, and 
25 fuel port 10 for use in supplying fuel to an engine. 

The sub-tank 1 is a resin molded product formed 
to a substantially cylindrical shape (refer to Figs. 1 and 
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5) and having a bottom surface. Fig. 5 is a plan view of 
the fuel supply system taken from the side of a bottom 
surface of the sub-tank 1. The sub-tank 1 is provided with 
a passage type throat 11 in a bottom portion thereof as 
5 shown in Fig. IB. This throat 11 is a passage for 
supplying fuel in the fuel tank 6 to the interior of the 
sub-tank 1 by a jet pump 5 which will be described below. 
One end of the throat 11 is opened as a suction port 11a to 
the outside, and the other end thereof as a supply port lib 
!S 10 into the interior of the sub-tank 1. This throat 11 is 

: : - 

IT? 

:rj provided inclimngly with respect to the bottom surface la 

% of the sub-tank 1 so that the height of the throat 11 

Ml increases gradually from the suction port 11a toward the 

□ supply port lib. 

131 

M 15 The sub-tank 1 is provided therein with a check 

p valve 12 for opening and closing the supply port lib of the 

throat 11. This check valve 12 prevents the fuel in the 
sub-tank 1 from flowing to the outside of the sub-tank 1 
through the throat 11. The check valve 12 is capable of 
20 opening the supply port lib, owing to an inflow pressure of 
the fuel supplied by the jet pump 5, and closing the supply 
port lib owing to the weight of the check valve 12 itself 
when the jet pump 5 is not operated (when the fuel pump 2 
is stopped) . The check valve 12 is formed so that the 
25 check valve 12 is put in a substantially vertically 
extending condition (refer to Fig. IB) during valve closing 
(in the condition in which the check valve 12 closes the 
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supply port lib) to prevent the valve opening pressure due 
to the weight of the check valve 12 itself from increasing. 

When the fuel pump 2 receives an electric 
current, it sucks the fuel from the sub-tank 1 via a 
5 suction filter (not shown) , and sends it under pressure to 
the fuel filter 3 through fuel passage 13 which will be 
described below. The fuel filter 3 removes extraneous 
matter from the fuel sent under pressure from the fuel pump 
2 by filtering, and extends arcuately so as to surround an 

jfi 10 outer circumference of the fuel pump 2 as shown in Fig. 1. 

^ A bottom surface of a case of the fuel filter 13 

ru 

S is provided with a connecting port 14 for connecting the 

lH pressure regulator 4 thereto. As shown in Fig. 3, a cover 

Q for the case of the fuel filter 3 is provided with the fuel 

iTs 
i«? = 

(<£ 15 passage 13 for introducing fuel discharged from the fuel 
p pump 2 into the fuel filter 3, and a discharge port 15 from 

? which the fuel supplied to an engine is discharged. This 

discharge port 15 is joined to the fuel port 10, which is 
provided in the flange 7, via a bellows type connecting 
20 pipe 16. 

The pressure regulator 4 is adapted to regulate 
fuel pressure, and is provided in a bottom portion of the 
sub-tank 1 as shown in Figs. 3 and 5. A suction port 17 
provided in a case 4A of the pressure regulator 4 is 
25 connected air-tightly to the connecting port 14, which is 
provided in the bottom surface of the case of the fuel 
filter 3, via an O-ring 18. The fuel, the pressure of 





which has been regulated by the pressure regulator 4, is 

supplied to the discharge port 15 provided in the cover for 

the case of the fuel filter 3 through an inside-tank 

passage (not shown) provided in a vertically extending 

5 state in the interior of the sub-tank 1. The jet pump 5 is 

a nozzle for ejecting the fuel at a high speed toward the 

suction port 11a provided in the sub-tank 1. The jet pump 

5 is provided in a case 4A of the pressure regulator 4 as 

_ shown in Fig . 3 . 

Q 

-5 10 The operation of the fuel supply system will now 

ijj 

be described. The fuel pump 2 sucks fuel from the sub-tank 
1 via the suction filter, subject to the sucked fuel to a 
pressure increasing operation, and discharge the resultant 
fuel therefrom. The discharged fuel flows into the fuel 
15 filter 3 through the fuel passage 13, and extraneous matter 
is removed while the fuel passes through the fuel filter 3. 
The pressure of the fuel filtrated by the fuel filter 3 is 
regulated by the pressure regulator 4, and divided into 
fuel flowing into the inside-tank passage and an excess 
20 fuel flowing into the case 4A of the pressure regulator 4 . 

The fuel which has been subjected to pressure 
regulation in the pressure regulator 4, and which has 
flowed into the inside-tank passage, flows to the discharge 
port 15, connecting pipe 16 and fuel port 10 in the 
25 mentioned order. The fuel is then supplied from the fuel 
port 10 to an engine through a force feed path (not shown) . 

The excess fuel which has flowed into the case 4A 
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of the pressure regulator 4 is ejected at a high speed from 
the jet pump 5 (nozzle) toward the suction port 11a of the 
sub-tank 1. During this time, the interior of the throat 

11 becomes vacuum due to a jet of fuel flowing at a high 
5 speed into the suction port 11a. Due to this negative 

pressure, the fuel in the exterior of the sub-tank 1 is 
sucked from the suction port 11a, and opens the check valve 
12, the- fuel being then supplied to the interior of the 
sub-tank 1 . 

13 

U0 10 In the fuel supply system in this embodiment, the 

IS 

133 throat 11 provided in the bottom portion of the sub-tank 1 

i 1 * = 

• 13 

* "=3' 

O is formed incliningly with respect to the bottom surface of 

(Jf the sub-tank 1 so that the height of the throat 11 

ii 

□ increases gradually from the suction port 11a toward the 

15 supply port lib. According to this structure, a seal seat 

!B 

p surface for the check valve 12 can be secured on the 

s ~ circumferential edge portion of the opening of the supply 

port lib provided in a position higher than the suction 
port 11a. Therefore, when the plane of the opening of the 
20 supply port lib is set substantially vertical, the check 
valve 12 can be set substantially vertical during valve 
closing. Since this can prevent an increase in the valve 
opening pressure ascribed to the weight of the check valve 

12 itself, the check valve 12 can be opened at a low fuel 
25 level. This enables the quantity of fuel initially 

supplied on an assembling line of vehicles or the quantity 
of fuel temporarily supplied when gasoline is short to be 

10 \\ 




reduced . 

Since the throat 11 is inclined with respect to 
the bottom surface la of the tank, the suction port 11a can 
be lowered to the tank bottom surface la as the check valve 
5 12 is disposed in a substantially vertically extending 
state during valve closing. This enables an ineffective 
residual quantity of the fuel in the fuel tank which cannot 
be sucked up by the jet pump 5 to be reduced. 

Moreover, since the check valve 12 closes the 

'0 10 supply port lib of the throat 11 when the fuel pump 2 is 

IB 

19 stopped, the fuel stored in the sub-tank 1 is prevented 

ru 

P from flowing to the outside of the sub-tank 1 through the 

IH throat 11. As a result, for example, even when the vehicle 

□ is turned, or parked on a slope to cause the fuel in the 

m 

\^ 15 fuel tank 6 to be put aside, so that the fuel in the 
135 

P exterior of the sub-tank 1 becomes unable to be supplied by 

1 the jet pump 5 to the interior thereof, the fuel which has 

theretofore stored in the sub-tank 1 can be supplied to the 

engine . 

20 While the above-described embodiments refer to 

examples of usage of the present invention, it is 
understood that the present invention may be applied to 
other usage, modifications and variations of the same, and 
is not limited to the disclosure provided herein. 

25 




